Introduction 49
The explosion and sinking of the Deepwater Horizon platform discharged oil and gas into 50 the Gulf of Mexico and generated massive and long-lasting perturbations in its ecosystem 51 (Schrope 2011). One of the defining features of the Deepwater Horizon oil spill was the 52 formation of a deepwater hydrocarbon-enriched plume during the multiphase ejection of 53 gas and oil from the wellhead. The plume was positioned between approx. 1000 and 1300 54 m depth due to preferential entrainment of the soluble complex hydrocarbons within the 55 deep, cold (5°C) water, and consisted mostly of light alkanes (C 1 to C 3 ), BTEX, 56 submicrometer-size oil droplets (Ryerson et al. 2012 , Reddy et al. 2012 ; it also entrained 57 the dispersant compound dioctyl sodium sulfosuccinate (DOSS) (Kujawinski et al. 2011) . 58
The deep plume was detected initially in early May 2010 (Diercks et al. 2010b) , and its 59 gradual spread was monitored throughout the summer of 2010 (Hazen et al. 2010 , 60 Camilli et al. 2010 , Kessler et al. 2011 , Joye et al. 2011b ) by tracking local oxygen 61 depletion and C-DOM fluorescence maxima as proxies for the presence of hydrocarbons 62 and microbial activity (Diercks et al. 2010b , Wade et al. 2011 . However, tracking the 63 evolving composition of the bacterial community in the oil-impacted water column, 64 including the deep hydrocarbon plume, during 2010 was an extraordinary challenge. 65
Initially, changes of the microbial community in the water column were inferred 66 from Phylochip ® analyses of oil degrading communities (Hazen et al. 2010) , or from 67 models of methane, ethane and propane dynamics (Valentine et al. 2010, Kessler et al. 68 products. The PCR products were purified using MiniElute PCR Purification kit 161 (QIAGEN) and stored in 1×TE buffer for pyrosequencing analysis using the Roche 454 162
GS LFX Titanium Sequencer in the Microbiome Core Facility at the University of North 163
Carolina at Chapel Hill (www.med.unc.edu/microbiome). Raw data were trimmed and 164 filtered using LUCY to remove poor quality reads (minimum PHRED score of 27.5) and 165 those of less than 200 nt (Kunin et al. 2010) . The 8 nt barcode was used to de-multiplex 166 and assign reads to samples using QIIME (Caporaso et al. 2010) . The reads were binned 167 into operational taxonomic units (OTUs) at 97% sequence identity with UCLUST (Edgar, 168 2010) followed by selection of a representative sequence based on the most abundant 169 unique read within each cluster. After initial phylum-and family-level identification 170 using BLAST, the 300-bp fragments were imported and aligned into ARB, using the 171 previously prepared full-length 16S rRNA gene alignments of the water column 172 sequences, and related published sequences, as templates. In addition, the gamma-and 173 alphaproteobacterial alignments were manually edited, and >90% of all pyrosequencing 174 fragments could be assigned to genus-or family-level phylogenetic branches defined by 175
16S rRNA gene clone library sequences (Table S3) . Sequence data were submitted to the 176 European Nucleotide Archive Sequence Read Archive under the study accession number 177 9 community succession within the oil and gas-impacted water column of the Gulf of 184
Mexico. The baseline for bacterial community composition in the Gulf of Mexico water 185 column on the eve of the Deepwater Horizon blowout is accessible thanks to a 186 serendipitous water sample, collected on March 10, 2010 at 800 m depth at the 187 Mississippi Canyon 118 Microbial Observatory, ca. 9 nautical miles northwest of the 188
Macondo wellhead (Table 1 Gammaproteobacteria, and SAR406; these samples above and below the plume also 229
showed unusually high clone library representation of Actinobacteria (14% and 11%), 230
Planctomycetes (8% in both depths), and uncultured Deltaproteobacteria (5% and 13%). oxidation, in the deep-water plume (Valentine et al. 2010 ). This interpretation contrasts 267 with the known substrate spectrum of Cycloclasticus, a genus described originally as 268 aerobic degraders of polycyclic aromatic hydrocarbons (Dyksterhouse et al. 1995) . (Table S3 ). In 312 the surface sample, pyrosequencing representation for Cycloclasticus (>93%), 313
Alteromonas (1.45%) and Pseudoalteromonas (1.2%) resembled the clone library results, 314
whereas Colwellia and Halomonas were detected in smaller proportions (Table S1 ). In 315 contrast, the alkane-degrading DWH Oceanospirillales accounted for near 90 and 70% of 316 the pyrosequencing reads in the two deep plume samples of late May 2010 (Table S3) . 317
The DWH Oceanospirillales pyrosequencing reads were congruent with full-318 length 16S rRNA gene clones of DWH Oceanospirillales from the Gulf of Mexico 319 (Redmond and Valentine 2012) and from the Atlantic Ocean offshore North Carolina 320 (D'Ambrosio 2011), and formed at least three distinct phylogenetic clusters (Figure 4) . 321
The pyrosequencing survey also validated a diverse community of hydrocarbon-322 degrading bacteria in the plume profile that went largely undetected in the clone libraries 323 (Table S3) were broadly consistent with the corresponding 16S rRNA gene clone libraries (Figure 1) , 343 but revealed additional bacterial populations that had not been observed in the clone 344 libraries (Table S3 ). The DWH Oceanospirillales that had disappeared from the clone 345 libraries remained detectable at low levels in the pyrosequencing dataset (up to 0.2% at 346 1200 m, Sept. 12 sample). Interestingly, the post-plume pyrosequencing datasets showed 347 that oil-degrading bacteria persisted in the water column near the Macondo wellhead, 348 although the deep hydrocarbon plume had been drifting in a southwesterly direction, and 349 was no longer detectable in the wellhead region as indicated by CTD profiling in 350
September 2010 ( Figure S3 were found in all post-plume samples (Table S3 ). The Deltaproteobacteria (dominated 369 by SAR324) and the SAR406 lineage accounted for ca. 10 to 25% of the pyrosequencing 370 dataset, similar to their representation in the 16S rRNA clone libraries (Figure 1) . A wide 371 range of phylum-level lineages, the Acidobacteria, Actinobacteria, Bacteroidetes, 372
Chloroflexi, Cyanobacteria, Gemmatimonadetes, Planctomycetes, and Verrucomicrobia 373 accounted for approx. 0.5% to 5% of the pyrosequencing reads (Table S3) , and appeared 374 to a limited extent in the corresponding clone libraries (Figure 1) . Other phylum-level 375 lineages (Candidate Division OD1, Epsilonproteobacteria, Lentisphaerae) were barely 376 detected in the pyrosequencing dataset, and were not observed in the clone libraries 377 (Table S3) . 378 (Figures 1, 3) . Methylotroph-related 418 sequences remained detectable among the pyrosequencing reads in September and 419
October 2010 (Table S3) layer in the southwest North Atlantic (Harvey et al. 1979; Requejo and Boehm, 1985) . 456
This North Atlantic population of DWH Oceanospirillales could be in constant exchange 457 with the Gulf of Mexico, and might represent a parent population. More generally, the 458
North Atlantic and the Gulf of Mexico occurrences of this microbial group could be the 459 result of localized enrichments from a widely distributed low-abundance seed population. designations are followed by sampling depth in meters, and a 3-digit clone ID (Table S1) . 686
The scale bar corresponds to 10 % sequence distance. 687 
